Calcium/calmodulin-dependent protein kinase II (CaMKII) localization acts in concert with substrate targeting to create spatial restriction for phosphorylation.
Ca2+/calmodulin-dependent protein kinase II (CaMKII) acts in diverse cell types by phosphorylating proteins with key calcium-dependent functions such as synaptic plasticity, electrical excitability, and neurotransmitter synthesis. CaMKII displays calcium-dependent binding to proteins in vitro and translocation to synaptic sites after glutamatergic activity in neurons. We therefore hypothesized that subcellular targeting of CaMKII can direct its substrate specificity in an activity-dependent fashion. Here, we examined whether activity-dependent colocalization of CaMKII and its substrates could result in regulation of substrate phosphorylation in cells. We find that substrates localized at cellular membranes required CaMKII translocation to these compartments to achieve effective phosphorylation. Spatial barriers to phosphorylation could be overcome by translocation and anchoring to the substrate itself or to nearby target proteins within the membrane compartment. In contrast, phosphorylation of a cytoplasmic counterpart of the substrate does not require CaMKII translocation or stable protein-protein binding. Cytosolic phosphorylation is more permissive, exhibiting partial calcium-independence. Localization-dependent substrate specificity can also show more graded levels of regulation within signaling microdomains. We find that colocalization of translocated CaMKII and its substrate to lipid rafts in the plasma membrane can modulate the magnitude of phosphorylation. Thus, dynamic regulation of both substrate and kinase localization provides a powerful and nuanced way to regulate CaMKII signal specificity.